Introduction
Enterocci as a cause of nosocomial infection have become more prevalent over the last 20 years, both in North America and in most western European countries. [1] [2] Vancomycin-resistant enterococci (VRE) have been described as a cause of many bacterial infections. 3 Glycopeptide antibiotics are being used increasingly in the hospital setting to combat infections caused by methicillin-resistant Grampositive cocci. The increase in glycopeptide resistance among enterococci is of concern in itself but also because enterococci can transfer antibiotic resistance genes to Staphylococcus aureus. 4 The aim of this study was to evaluate the role of enterococci in bacterial infections in the Pisa area and to estimate the rate of glycopeptide resistance among enterococci.
Materials and methods
All records of bacterial cultures performed in the microbiology laboratories at Pisa Hospital during 1998 were examined retrospectively. We reviewed all isolates for which susceptibility tests had been performed, with particular reference to enterococci. The hospital microbiology laboratories receive samples from all hospital departments and from community outpatients. Microbial cultures were performed using conventional techniques. Identification and susceptibility tests were performed with the automatic Vitek system (bioMerieux Vitek, Hazelwood, MO, USA) and NCCLS recommendations. 5 Enterococcal isolates with MICs of у32 mg/L were considered resistant to vancomycin, those with an MIC between 4 and 32 mg/L of intermediate susceptibility and those with an MIC р4 mg/L fully susceptible. Enterococci with an MIC у32 mg/L were considered resistant to teicoplanin, those with an MIC between 8 and 32 mg/L of intermediate susceptibility and those with an MIC р8 mg/L fully susceptible.
Results and discussion
In 1998, a total of 14 364 bacterial strains were isolated in the laboratories of Pisa Hospital; 2113 (14.7%) of these were enterococci (1147 from outpatients and 966 from inpatients). The frequencies of enterococcal isolates found in all urine, vaginal and seminal fluid samples cultured were 23.5, 25.9 and 31.3%, respectively. Enterococci were found in 4.8, 0.9 and 4.1% of blood samples, sputum samples and other specimens, respectively.
Most of the enterococci were Enterococcus faecalis (1405), 19 were Enterococcus faecium, six were Enterococcus avium and 683 were unspecified Enterococcus spp.
Over 90% of the strains studied were susceptible to nitrofurantoin, ampicillin, piperacillin and imipenem; 79% were susceptible to fosfomycin, 75.1% to penicillin, 74% to ciprofloxacin and norfloxacin, 72.6% to gentamicin, 90.3% to teicoplanin and 89.7% to vancomycin (Table I) .
Resistance Of enterococci from inpatients and outpatients, 7.1% and 14%, respectively, were glycopeptide resistant. In 61 outpatients, glycopeptide-resistant enterococci were isolated from vaginal or urethral secretions or seminal fluid.
The sensitivity of vancomycin-resistant enterococci to the other antibiotics is shown in Table II ; only nitrofurantoin and imipenem showed good activity (>90% of the strains were sensitive). There was a striking contrast in susceptibility to fosfomycin between vancomycin-susceptible and vancomycin-resistant enterococci (79% versus 7.5%). Similar patterns of activity against the teicoplanin-resistant enterococcal strains were found for the other antibiotics.
The results of this study confirm the role of enterococci in bacterial infections, accounting for 14.7% of all the bacterial isolates studied. In particular, enterococci were frequently isolated from the urogenital tract (urine, seminal fluid and vaginal swabs) although some of these isolates could result from bacterial colonization without infection.
Sensitivity testing demonstrated excellent activity of nitrofurantoin, ampicillin, piperacillin and imipenem (>90% of the strains were sensitive), but poor activity of quinolones and gentamicin (only 72-74% of the strains were sensitive). The rates of resistance to vancomycin (10.3%) and teicoplanin (9.7%) are in accordance with the results of a study performed in Pisa in 1997, but significantly higher than those reported in two multicentre Italian studies during 1993 6 and 1996-97. 7 Our data are similar to those of the National Infections Surveillance System of the USA, which reported in 1996 rates of glycopeptide resistance of about 12% in intensive care units and 10% in other non-intensive care units. 8 In our study, glycopeptide-resistant enterococci were more frequently resistant to other antibiotics: only nitrofurantoin and imipenem were active against >90% of the glycopeptide-resistant enterococcal strains. The highest rates of resistance were detected in samples obtained from the urogenital tract (urine, seminal fluid and vaginal secretion) and, unexpectedly, in outpatients. This may be because the patients who undergo more frequent microbiological evaluations of the urogenital tract are those who have chronic or recurrent infections (cystitis, vaginitis or prostatitis), and may have received numerous courses of antibiotics. 3 This may also partly explain the low numbers of VRE that were susceptible to ampicillin and penicillin. Enterococci may be resistant to penicillin and ampicillin because of the production of low-affinity penicillin-binding proteins (PBPs) or because of the production of -lactamase. The Vitek system we used in this study can detect isolates with altered PBPs, but it may not reliably detect -lactamase-producing strains. Based on the decreased susceptibility to -lactams observed in our VRE, it is likely that a significant number of the unspecified VRE are E. faecium, rather than E. faecalis, which are generally susceptible to -lactams. The very low percentage of VRE fully susceptible to fosfomycin could be explained by the use of this agent to treat recurrent urinary tract infections in our area.
In conclusion, the high frequency of glycopeptide-resistant enterococci that we observed in Pisa was largely unexpected. The cause of these high rates of resistance is not clear, especially if we consider the data reported in other Italian studies. The indiscriminate use of antibiotics may, in part, explain our results. We feel that continued surveillance in both hospital and outpatient settings is mandatory and that the use of glycopeptides needs to be rationalized. 
